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NATLOEAL ADPISOEY COEliMITTEE BOB AXRONATJTICS 

ADVAl?CE REPORT 

ELEV'ATOB S T I C K  FORCXS IX SPIBS AS COMPUTED 

By Oscar 6 e i d n a n  and J. W.  R l i n a r  

Data f r o m  wind- tunne l  measixi erilezts o f  e l e v a t o r  h inge-  
momerit c o e f f i c i e n t s  a t  h i g h  azgies o f  a t tack:  are u t i l i z e d  
i n  e s t i m a t i n g  e l e v a t o r  stick f o r c e s  in s p i n s .  

T h e  a n a l y s i s  i -ncl icatss  t h a t  e l e v a t o r  f o r c e s  o n  sev-  
e r a l  c u r r e n t  n i r p l a n e s  w i l i  be s o  high, t h a t  $he  p i l o t  w i l l  
be u n a b l e  t o  p ~ ~ s l i .  t h e  s t i c l ~  t o  t h e  n e u t r a l  p o s i t i o n .  
Large n o ~ e  b a l n n c e s  i ~ v o l v e  dange r  o f  t h e  e l e v a t o r  l ock-  
irag i n  t h e  f u l l - u p  2 o s i t f o r . i .  Zfrininirsg t A L s  c a n  be u s e d  
t o  rsd-uce t h e  e l e v a t o r  s t i c k  f a r c e .  S t i c k  f o r c e s  n i l 1  be 
g r e a t e r  i n  s t e e p  s p i r s  t h a n  i a  flFtt s p i n s .  

I XTB ORU C T I ON 

C o n s i d e r a b l e  d5.f f i c u l t y  has r e c e n t l y  keen e x p e r i e n c e d  
i n  t h e  r e c o v e r y  o f  a i r v i a n e s  f r o m  sp-ins because  t h e  p i l o t  
has been  u n a 3 l e  t o  a p p l y  a s u f f i c i e n t  f o r c e  t o  move t h e  
c o n t r o l  surfaces. T h i s  p rob lGin  i s  growing more a c u t e  wi th  
t h e  prese iz t  t r e n d  i n  a i r p l a n e  d -es ign  toward i n c r e a s e d  
w e i g h t s  w i t h  accomnanying h i g h e r  v e l o c i t i e s .  The manipu- 
l a t i o n  o f  r u d d e r ,  a i i e s o n s ,  and  e l e v a t o r ,  s i n g l y  o r  i n  
combina t ion ,  i s  Decebsary t o  e f f e c t  a. r e c o v e r y  f ro in  a spin; 
t h e r e f o r e ,  in0or i : i a t ioa  on t h e  r e q u i r e d  f o r c e s  f o r  all t h r e e  
c o n t r o l  Eiwrfitces i s  e s s e n t i a l .  Because m o a t  c o n t r o l - f o r c e  
i n v e s t i g a t i o n s  have  been c a r r i e c  o u t  i n  t h e  norma.1 f l i g h t  
rang;c,  v e r y  l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  f o r  a i r p l a n e s  
i n  sp in*i ing a t t i t u d e s .  

kes su remen t s  o f  e l e v a t o r  hinge-moment c o e f f i c i e n t s  on  
a model a t  h i g h  a n g l e s  o f  a t t a c k  w e r e  r s c c n t l y  made ir+ the 
LUAL 7-  by 10 - foo t  t u n n e l  ( r e f e r e n c a  1).  I n  t h e  p r e s e n t  
p a p e r ,  t h e s e  r e s u l t s  a r e  a p p l i e d  i n  e s t i m a t i n g  t h e  e l e v a-  
t o r  h i i ige  nomeiits a n d .  t h e  c o r r c s p o n d i n g  s t l . c k  f o r c e s  i n  
s p i n s .  B o r  a n  a i r p l a n e  i n  a t $ p i c a l  s p i n n i n g  a t t i t u d e ,  t h e  
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e f f e c t s  o f  v a r i o u s  blu  t- and s h a r p n o s e  b a l a n c e s  are com- 
pared and  t h e  e f f e c t i v e n e s s  of B, t r a i l i n g - e d g e  t ab  i s  shown. 
I n  a d d i t i o n ,  the s t i c k  f o r c e s  f o r  f ou r  s p e c i f i c  c u r r e n t  
a i r p l a n e s  have  been comcuted. 

For most o f  t h e  c u r r e n t  a i r p l a n e s  l i k e l y  t o  be spun, 
t h e  r u d d e r  i s  t h e  predoaiz iant  c o n t r o l  i n  t h e  r e c o v e r y  f r o m  
spins. I n  many c a s e s ,  hornever, t h e  e l e v a t o r  w u s t  be  neu- 
t r a l i z e d  or r e v e r s e d  i n  o r d e r  t o  e f f e c t  s a t i s f a c t o r y  re-  
covery. F r e q u e n t l y  t h e  p o s i t i o n  o f  t h e  a i l e r o n s  is of con- 
siderable impar tanco .  I t  raust be r e a f i z a d ,  t h e r e f o r e ,  
t h a t  the  p r e s e n t  s tudy,  in which o n l y  e l e v a t o r  f o r c e s  a r e  
c o n s i d e r e d ,  covers  o n l y  one p h a s e  o f  t h e  p rob lem o f  con- 
t r o l  f o r c e s  i n  spins. Because t h e  o r i g i n a l  m e a s w e n e n t  s 
were made o n  one s p e c i f i c  tail u n i t ,  t h e  results o b t a i n e d  
when t h e  d a t a  a r e  a p p l i e d  d i r o c t l y  t o  o t h e r  tail a r r a n g e-  
ments w i t h o u t  c o r r e c t  ions f o r  aerodynamic v a r i a b l e s  must 
be oonsidGred on ly  rough e s t i m a t e s  and shoald bo i n t e r -  
p r e t e d  q , n a l i t a t i v e l $ .  I n  the p r e s s n t  p a p e r I  only t h e  h i n g e  
moments a t  a glvlen e l e v a t o r  d e f l e c t i o n  are c o n s i d e r e d ;  t h e  
e f f e c t i v e n e s s  o f  t h e  e l e v a t o r  i n  prodnci r -~g  l i f t  i s  d i s c u s s e d  
i n  r e f e r e n c e  1. 

02 

The e l e v a t o r  hinge-moment c o e f f i c i e n t s  u s z d  i n  the 
p r e s c n t  s t u d y  w e r e  t a k e n  d i r e c t l y  from t h e  data of  r e f e r -  
ence  1. These da ta  w e r e  o b t a i n e d  f r c j m  measurements f o r  
a h o r i z o n t a l  t a i l  s u r f a c e  mounted o n  t h e  f u s e l a g e  of' a 
t y p i c a l  gussu i t  a i r p l a n e .  The r o t a t i o n  o f  t h e  s p i n  mas 
not  s i m u l a t e d  i n  t h e  t e s t s  of  r e f e r e n c e  1. The f u s e l a g e  
was t e s t e d  t o  B r a n g e  o f  a n g l e s  o f  a t t a c k  from about; -10' 
t o  470 and t o  a range-of-yav a n g l e s  f r o m  -10' t o  45'. 
c o e f f i c i e n t s  p r e s e n t e d  show t h e  e I f  e c t  o f  d i f f e r e n t  amount ~3 
o f  a l e v a t o r  nose balance and o f  a t r a i l i n g- e d g e  t ab  f o r  a 
range 0 2  e l e v a t o r  d e f l e c t i o n .  

T S ~  

The cor?di i ; ions a t  t h e  t a i l  f o r  r e p r e s e n t a t i v e  s p i n s  
were o b t a i n e d  f r o m  u n p u b l i s h e d  data from t h e  NACA ' t 5 - f o o t  
f r e e - s p i n u i n g  t u n n e l  

For t h e  a p p l i c a t l o n  of  t h e  t e s t  da ta ,  the  angles o f  
attack and yam and the  vs3,ocity a t  t h e  horizontal t a i l  
were o b t a i n e d  f r o n  t h e  s p i n- t u n n e l  data .  The a n g l e  o f  
a t t a c k  a t  t h e  t a i l  p l a n e  f o r  zero t a t 1  s e t t i n g  w i z h  r e s p e c t  
t o  the wing was  t a k e n  t o  be t h e  same a s  t h e  ang le  o f  a t t a c k  

a 
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Q X ~  tha wing a t  t h e  pLano o f  s y m e t r y ,  The a n g l e  of  yaw 
a t  t h e  t a i l  was computed, as  

where 

Q a n g u l a r  v e l o c i t y  i n  s p i n  

V r a t e  of d e s c e n t  

d i s t a n c e  f r o m  a x i s  o f  r o t a t i o n  t o  e l e v a t o r  hYnge a x i s  

a n g l e  between span a,xis  a n d  h o r f z o n t R 1  

RT 

pl 
The e f e v a t  o r  hinge-uoment c o e f f i c i e n t s  c o r r e s p o n d i n g  t o  
t h e s e  a n g l e s  v e r e  t a k e n  f r a r i  t h e  da t a  of r e f e r e n c e  1 and  
weire assumed t o  a n p l y  d i r z c t l y  t o  t h e  s p e c i f i c  t a i l s  under  
c o n s i d a r a f  i o n .  The f u l l -  s c a l e  hii lge noiiient B were t h e n  
c a l c u l a t a d  f o r  t h e  d a a g i t y  a.% t 3 e  s p i n- t a s k  s l t i t u d e .  The 
s t i c k  f o r c e s  were d e t e r m i n e d  f r o m  t h e  h i n g e  uoments o n  the  
a s s u q t i o n  o f  u n i f o r m  g e a r i n g  b e t a e e n  t h e  e l e v a t o r  and 
s t i c k ,  f a r  which c7.n 18- inch  inovement o f  t h e  s t i c k  c o r r e -  
sponded t o  a 50° movement of t h e  a l e v a t o r .  

T h i s  p r o c e d u r e  g i v e s  t h e  e f f e c t s  due t o  t h e  aero- 
dymniic  f o r c e s  s a d  i n v o l v e s  t h e  assumption tbpt  t h e  c o r-  
r e c t i o n  f o r  any e l e v a t o r  mass unba la i i cec  c o n t r o l - s y s t e m  
mass f o r c e s ,  and f r i c t i o n  w i l l  be  small. The e f f e c t s  
of r o t a t i o n  a r e  also n e g l e c t e d .  I t  i s  a p p r e c i a t e d  t h a t ,  
as  a r e s u l t  o f  the  r o t a t i o n  o f  t%(: s p i n n i n g  a i r p l a n e ,  
t h e r e  i s  a v a r i a t i o n  i n  angle o f  a t t a c k  a l o n g  t h e  t a i l  
span  which amounts t o  a d . i f f e r e n c e  0-f 5' between t h e  v a l u e  
at t h e  c e n t e r  a n d  t h e  t i p  o f  the t a i l  9 l P n e .  A s  t he  t a i l  
p l a n e  i s  w e l l  above t h e  s t a l l  i n  t h e  s p i n ,  i t  i s  b e l i e v o d  
that this v a r i a t i o i i  of  a n g l e  of  a t t a c k  will n o t  h ~ v e  a 
s i g n i f  Pcant  e f f e c t  on the binc,e moments .  The cor respond-  
ing v a r i a t i o n  i n  t h e  magnitude o f  a i r  velocS. ty a c r o s s  t h e  
t a i l  span  i s  less t h a n  1 p e r c e n t .  

In u s i n g  t h e  t e s t  da t a  f r o m  r e f e r e n c e  1. t o  compute 
the  s t i c k  f o r c e s  o f  t h e  v a r i o u s  a i r p l a n e s ,  no c o r r e c t i o n  
weis made f o r  t h e  r a t i o  o f  e l e v a t o r  area t o  t a i l - p l a n a  area 
nor for th,e t a i l - p l a n e  a . i r f  o i l  t h i c k n e s s ,  a s p e c t  rat  i o  $ 

and p l a n  f o r m .  Al though i t  w a s  realized t h a t  t se factors 
would a f f e c t  t h e  h i n g e  moments, i t  was f e l t  tha t  t h e  i n f o s -  
m t i o n  a v a i l a b L e  was  i n s u f f i c i e n t  t o  f o r m  t h e  bas is  f o r  
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ac c UT a t  e o or r e c ti on S. 

the bil glane used i n  the t e s t s  of  reference 1 aye pre- 
sented for comparison wi th  the dimensional cha rac te r i s t i c s  
of  the  t a i l  planes t o  which %he data are current ly  applied. 
(See t ab la  I and f i g s .  1 t o  5 , )  

The d imen s i  ona 1 char ac tes i 8 t i c s of 

RESULTS AMI DT SCTJSSION 

Reaulha a re  presented that show the e f f e c t s  Qf various 
pose balances and of a trail ing- edge t a b  on the s t i c k  for-  
ces f o r  tho P-36A a i rp lane  ( re fer red  *to as a i rp lane  B 
l a t e r  i n  the text;) spinning under the following conditions: 

Angle o f  a t tack,  a, deg . . . , e . . . . . . & 
Angle between span a x i s  and horizontal ,  Pf, deg . . 0 
Rate of desoent, V, Et/sec . . . . . , a . . . e . 161 
Yaw angle a t  t a i l ,  deg a . , b . . 0 
AXt?.t;ude, f t  s - e 0 t 12,rSGo 

The yaw e t  the tu21  was %&ken as zero because the da ta  
o f  reference 1 cover the  effec-t of  yaw for  only ~ J V O  eleva- 
tor def lec t ions  and it was desired t o  p l o t  s t i ck  force 
against  e leva tnr  angle. 
e f f e c t  r~f  moderate  yaw t c  be negl igible .  

The zva i lab le  data ind ica t s  the 

The s t ick  fnrces  f o r  var ious elevator  angles a r c  com- 
n u k d  for the same basic spin onnditinn t o  evaluate the 
f w c e  required t o  Dush the s t t c k  f v w b r d  rap id ly  i n  such 
a 
a l t e red  by the changed elevstolr p2sit ion. 
i s  based pn in format im from reference 2 and shc-fm the 
maximm elevator  s t i c k  f , ~ r c e s  t h a t  a p i l c t  can a w l y  with 
one hand, i s  presented f o r  e m p a r i s m .  

way t h a t  the  m o t i m  i s  completed before the s p i n  can be 
Figure 6, which 

Effec t  cf Nose Balances 

The stick- force va r i a t ion  f o r  varims nose bnfances 
i s  sho-an i n  f igure 7. L i t t l e  d i f f e r e r c s  i s  shown between 
th@ t rends  f o r  sealed and unsealed, c introfs. Data f o r  
the balanced surfaces were not ava i lab le  f o r  e l eva t  3r-up 
def lec t ions  larger  than 20" because the balance nose un- 
ported a t  l s r g e r  def l e c t i  ms. 

The p la in  elevatcr sbms a larger  force va r i a t ion  
khan any of the balanced surfaces thr.:: ughsut  the def lel=tion 



r a n g e  i n v e s t i g a t e d .  The h i g h  p u l l  f o r c e  for t h e  Pull-up 
e l e v a t o r  d e f l e c t i o n  i s  a v e r y  d e s i r a b l e  f e a t u r e  because  
t h e  p i l o t  h a s  t o  e x e r t  a p u / l  t o  h o l d  the s t i ck  back i n  
t h e  s t eady  s p i n ,  ‘Wlhen t h e  e l e v a t o r  a p p r o a c h e s  n e u t r a l ,  
h.owever, t h e  aerodynamic  f o r c e  a c t s  i n  the o p p o s i t e  d i r e c -  
t i o i l ,  and  t h e  p i l o t  must e x e r t  c o n s i d e r a b l e  e f f o r t  t o  n e w  
t r a 2 t s a  t h e  e l e v a t o r .  X’c i s  p r o b a b l e  t h a t  t h e  e l e v a t o r  
citn be n e u t r a l i z e d  even though t h e  f o r e e  r e q u i r e d  t o  hold 
i t ,  at r i e u t r a l  is h i g h .  

The 35- percen t  b l u n t- n o s e  b a f a z c e  r e q . u i r e s  a Pa5yrJy 
l a r g e  push  t o  move t h e  s t i c k  when i t  i s  back but h a s  a n  
a d v a n t a g e  over  t h e  p l a i n  e l e v a t o S  i n  t h a t  a s m a l l e r  f o r c e  
i s  r e q u i r e d  t o  h o l d  t h e  s t i c k  n e u t r a l ,  Jnasmuch a s  t h e  
push t h n t  a p i l o t  i s  cc-lpable o f  e x e r t i n g  on  t h e  s t i c k  i s  
l e a s t  wtieq t b e  s t i c k  i s  baclc ( s e e  f i g .  6 ) ,  t h e r e  i s  some  
danger  o f  t h e  e l e v a t o r  l o c k i n g  with t h Q  55- percen t  b l u n t-  
nose b a l a n c e .  

The 35-pe rcea t  sha rp- nose  b a l a n c e  i s  siroilar i n  a f f e c t  
t o  t h e  35- percen t  b l u n t- n o s e  b a l a n c e  a t  l o w  e l e v q t o r  de- 
f l c c t i o i i s  b.tzt, whan t h e  e l e v a t o r  ha s  a l a r g e  v p m r d  d .e i lec-  
t l o n ,  t i le  fcJ3rce rcqnirec?. t o  begin moving t h 3  s t i c a  forward 
is v e r y  small, There  i s  no daager  o f  t h e  elevetoor l o c k i n g  
a t  t h e  20’ LIP p o s i t i o n  when t h i e  b e l a n c o  i s  i a s t a l l e d .  

The e l s v a t o r  with s e a l e d  50-ns rcen t  b lun t#-nose  baZance 
is o v e r b a l a n c e d  i n  t h a t  t h e  r eau iGed  pnsh on t h e  e t i c k  be- 
comes s u a l l e r  a s  t h e  e l e v a t o r  i s  moved down. T h i 5  d e c r e a s e  
i n  s t i c k  f o r c o .  g i v e s  t h e  wrong s t . c k  I1feel1l end m ~ y  g i v e  
t h e  p i l o t  t h e  eryoneou8 irnpressioi i  t h a t  t h e  eleva5;or is fa- 
e f f e c t i v e ,  R i t h  this b a l a n c e  u n s e a l e d ,  t h e  s t i c k - f o r c e  
c u r v e  i s  i r r e g u l a r  but  again  sh-oas o v e r b a l a n c e  i z l .  p a r t  o f  
t h e  r ange .  

The 50-p.ercen.t sharp- nose  design shows  o v e r b a l a n c e  
for up d e f l e c t i o n s  exceediag  15O. For b o t h  5Orpercent  bal- 
8uce  t y p e s  there I s  s e r i o u s  danger  of t h e  e l e v a t o r  l o c k i n g  
i n  t h e  s p i n .  I t  shou ld  be a p p r e c i a t e d  t h a t  t h e  5Q-percen t  
b l u n t- n o s e  b a r a n c u r  a c c o r d i n g  t o  r e f e r e a c e  1, also shows 
o v e r b a l a n c e  i n  tlic normal f l i g h t  r a n g e .  A d e s i r a b l e  fea- 
t u r e  o f  Cbe 50- percent b a l a n c e  is t h e  l o w  f o r c e  r e q u i r e d  
t o  h o l d  ths elevators iu n e u t r a l .  

S t  s h o u l d  be r e a l l z e d  t h a t ,  for b o t h  t h e  3 5- p e r c e n t  
and the 511-percent b a l a n c e s  , e l e v a t o r- u p  d e f l e c t i o n s  ex- 
c e e d i n g  20’ m i l l  p r o b a S l y  g i v e  def  iiilts e l e v a t o r  l o c k i n g  
a s  a r e s u l t  o f  u z p o r t i n g .  
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E f f e c t  of Tab 

The e f f e c t  o f  a 20- percen t- chord  t a b  on t h e  p l a i n  
s e a l e d  e l e v a t o r  i s  shown i n  f i g u r e  8. The s p i n  c o n d i t i o n s  
and t a i l - p l a n e  p l a n  fo rm were t h e  same a s  f o r  t h e  p r e c e d-  
i n g  c o m p u t a t i o n s  which v e r e  made t o  show t h e  e f f e c t s  o f  
nose b a l a n c e .  I t  i s  s e e n  t h a t  a 10' up d e f l e c t i o n  of t h e  
trirrzining t a b  r e d u c e s  by abou t  50 p e r c e n t  t h e  f o r c e  r e q u i r e d  
t o  n e u t r a l i z e  t h e  e l e v a t o r .  .A b a l a s c i n g  t a b  would i n c r e a s e  
t h e  f o r c e s  u n t i l  t h e  s t i c k  was forward  o f  n e u t r a l .  

E f f e c t  of  Angle of Paw 

Owing t o  t h e  L i m i t a t i o n s  o f  t h e  d a t a ,  t h e  e f f e c t  of 
yaw a n g l e  o n  a t i c k  f o r c e s  c o u l d  be de tepmined f o r  o n l y  t w o  
e l e v a t o r  d e f l e c t i o n s  ( f i g .  9 ) .  The s p i n  and t a i l - g l s s e  
p l a n  form were t h e  same a s  f o r  t h e  p r e v i o u s  c a s e .  The 
c u r v e s  show t h a t  f o r  t h e  p l a i n  e l a v a t o r  t h e  s t i c k  f o r c e s  
remain  c o n s t a n t  up t o  a n  a n g l e  o f  yaw O P  10'. 
a n g l e s  o f  LOo a n d  25' t h e r e  i s  a sat111 change in Corco i n  
a d i r e c t i o n  which would t e n d  t o  move t h e  s t i c k  back. Other  
b a l a n c e  t y p e s  a r e  also sbonn ( r e f e r e n c e  1) t o  be i n s e n s i t i v e  
t o  y a m  s p  t o  loo. 

Between yam 

A p p l i c a t i o n s  t o  S p e c i f i c  A i r p l a n e s  

The e x p a r i m e n t a l  r e s u l t s  o b t a i n e d  f r o m  t h e  i n v e s t i g a-  
t i o n  o f  r e f e r e n c e  1 were also u t i l i z e d  i n  e s t i m a t i n g  tl-e 
s t i c k  f o r c e s  i n  t h e  normal s p i n  f o r  f o u r  modern p u r s u i t  
a i r n l a n e s .  The d i m e n s i o n a l  C h a r a c t e r i s t i c s  o f  t h e  t a i l  
p l ,anes  . a r e  g i v e n  i n  t a b l e  T, t h e  p l a n  f o r m s  a r e  shown i n  
f i g u r e s  2 t o  5 ,  and  t h e  normal s p i n  c h a r a c t e r i s t i c s  o f  
these a i r p l a n e s  ( b a s a d  on s p i n- t u n n e l  t e s t s )  a r e  shown i n  
tab le ,  1s. R e s u l t s  f o r  a i r p l a n e  A and a i r y l a n e  B, which 
have  a p p r o x i m a t e l y  21- percen t  and 2 5- p e r c e n t  b l u n t- n o s e  
b a l a n c e s ,  r e s p e c t i v e l y ,  were o b t a i n e d  by i n t e r p o l a t i o n  'be- 
tween t h e  v a l u e s  f o r  t h e  35-pe rcdn t  b l u n t- n o s e  bixlance and 
for t h e  p? la in  e l e v a t o r  ( t a k e n  t o  have  9 - p e r c e n t  b a l a n c e )  
A i r p l a n s  C, which bad  a s h i e l d c d  h o r n  b a l a n c e ,  was con- 
s i d e r e d  t o  have  t w o  elements - one w i t h  B. p l a i n  b a l a n c e  
and t h e  o t h e r  w i t h  a n  u n s e a l e d  50- percent  b l u n t- n o s e  
balancze, 

Tbe computed s t i c k  f o r c e s  mere compared w i t h .  t h e  c u r v e  
o f  f i g u r e  6 showing t h e  maximurn p u s h  a n  a v e r a g e  p i l o t  c o u l d  
e x e r t  m i t b  one hand ( a v e r a g e  o f  t h e  a t t i t u d e s  f o r  t h e  cock- 
p i t  %eve$  and t h e  c o c k p i t  nosed  9Qo down). This  push 2 s  



called t he  t r a l l o m a b l e  f o r c e t 1  on f i g u r e  10. The e f f e c t  of 
yaw angle on h i n g e  moments i s  not  i n c l u d e d  and t h e  eleva- 
€or i s  assumed t o  have  t a b  n e u t r a l .  The $+an a n g l e s  a t  the 
t a i l  d i d  not  exceed 15O; as a r e s u l t ,  t h e i r  e f f e c t s  would 
be s l i g h t .  

The f o r c e s  r e q u i r e d  t o  move t h e  s t i c k  fo rward  on air- 
p l a n e s  A and B r emain  s m a l i e r  than t h e  allowable f o r c e  
f o r  p r a c t i c a l k y  t h e  whole e l e v a t o r  r a n g e  s t u d i e d t  and i t  
is p r a b a b l e  t h a t  t h e  e l e v a t o r  can  be s a f e l y  n e u t r a l i z e d  on 
t h e  t w o  a i r p l a n e s .  On t h e  o t h e r  hand ,  a i r p l a n e s  C and P 
have  much h i g h e r  s t i c k  f o r c e s ,  and i t  i s  d o u b t f u l  t h a t  the 
e3,evator c a n  be pushed more t h a n  t h r e e - f o u r t b s  of t h e  d i s -  
t a n c e  t o  n e u t r a l  f r o m  i t s  f u l l - u p  p o s i t i o n .  X t  a p p e a r s  
u n l i k e l y  t h a t  t h e  p i l o t  can a b r u p t l y  push  t h e  s t i c k  forward 
o f  n e u t r a l  f o r  any af t h e s e  a,irpPaiies.  I t  shou ld  be rernem- 
b e r e d ,  however ,  t h a t  t b e  r e v e l ' s a a  of t h e  rudder  and p a r t i a l  
f o r w a r d  moveineizt o f  t h e  s t i c k . ,  a.s normal ly  u s e d  f o r  recov-  
e ry ,  m a y  a l t a r  t h e  a p i n  and t h e  magnitude o f  t h e  s t i c k  f o r c e .  

I n  f i g u r e  l?., t h e  s t i c k  f o r c e  r e q u i r e d  t o  n e u t r a l i z e  
t h e  e l e v a t o r  i s  p l o t t e d  a s  a f u n c t i o n  o f  a a g l e  o f  a t t a c k  i n  
t h e  sp in .  1.t Con be s e e n  %bat t h e  s t i c k  f o s c a  i n c r e a s e d  8 s  
t h e  s p i n s  s t e e p e n e d ,  T h i s  i p c r e a s e  i s  a r e s u l t  of  the in-  
c r e a s e d  a i r s p e e d s  a s s o c i a t e d  w i t h .  t h e  s t e e p e r  s-gins. 

F o r  a t r F l , a n e s  C a n d  P %he p e r c e n t a g e  o f  changB i n  
s t i c k  f o r c e  over  t h e  a n g l e - o f- a t t a c k  r a n g e  f r o m  35' t o  46' 
was s m s l l  because  t.lie p e r c e n t a g e  of  Change i n  v e l o c i t y  mas 
small  f o r  t h e s e  models. The decrease ,  i n  a b q o l n t e  v a l u e  02 
t h e  hinge-mornant c o e f f i c i e n t  w i t 2  d e c r e a s i x g  a n g l e  of at-  
t a c k  t e n d e d  t o  compensate  f o r  t h e  e f f e c t  o f  t h e  i n c r e a s e d  
a i r  sp e e&. 

P i l o t s  have  Z r e q u e n t l y  r e F o r t e d  h i g h  s t i c k  f o r c e s  f o r  
s p i n s  o f  c u r r e n t  a i r p l a n e s ,  Xn t h i s  c o n n e c t i o n  i t  s h o u l d  
be n o t e d  t h a t ,  aZthough a n  a v e r a g e  p i l o t  c a n  push  210 pounds ,  
f l i g h t - t e s t  r e p o r t s  i n d i c a t e  t h a t  p i l o t s  c o n s i d e r  50 pound8 
a heavy f o r c e  and p r e f e r  t o  u s e  two kands  f o r  f o r c e s  exceed-  
i n g  t h i s  value.  The h i &  s t i c k  f o r c e s  shown ? o r  a i r p l a n e  
C were s u b s t a n t i a t e d  i n  f l i g h t  ia t h a t  t h e  t e s t  p i l o t  found 
tSat i n  a s p i n  h e  mas u n a b l e  t a  pus:?- t h e  s t i c k  f o r v a r d  us4ng 
t w o  hands .  

I n  o r d e r  t o  e x t e n d  t h e  studs. o f  c o n t r o l  f o r c e s  i n  s p i n s ,  
i t  would be d e s i r a b l e  t o  o b t a i n  c o n s i d e r a b l e  a d d i t i o n a l  d a t a  
o n  r u d d e r  and e l e v a t o r  h i n g e  moments a t  h i g h  a n g l e s  o f  a t t a c k .  
I n f o r m a t i o n  i s  r e q u i r e d  f o r  a g r e a t e r  r a n g e  o f  a n g l e s  o f  
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a t t a c k ,  f o r  a t h e r  b,alance: t y p e s ,  and f o r  o ther  fuselage- 
tai5 combina t ions .  These data mould a l so  f u r n i s h  i n f o r -  
n a t i o n  on t h e  problem of  r u d d e r  l o c k i n g  i n  normal f l i g h t  
c o n d i t i o n s .  

COBCLUSIONS 

The present a n a & y s i s ,  which is based  pn t h e  d i r e c t  
' a p p l i c a t i o n .  of da ta  o b t a i n e d  f o r  o n e  s p e c i f i c  t B . i l  p l a n e ,  
leads t o  t h e  f a l l o w i n g  c o n c l u s i o n s  r e g a r d i n g  elevator 
stick f o r c e s  i i q  s p i n s t .  

1. Although nose b a l a n c e  w i l l  reduce t h e  f o r c e  re- 
quired t o  a e u t r a l l z e  t h e  e l e v a t o r ,  tbare i s  danger  of  elep 
v a t o r  l o c k i n g  i n  the  f u l l - u p  p o s i t i o n  f o r  l a r g e  b a l a n c e s .  

2. $ha stick f a r c e  t o  neutralize t h e  e l e v a t o r  c a n  be 
mater ia l ly  reduce0 by u s e  o f  t h e  trrimming tab.  

5 .  E l e v a t o r  f o r c e s  on a e v e r a l  c u r r e n t  a i r p . l a n e s  may 
be so high t h a t  bhc p i l o t  w i l l  be unable t o  p u s h  t he  s t i c k  
t o  t he  n e u t r a l  p o s i t i o n .  Thin t endency  w i l l  be detr imen-  
t a l  f o r  ca'ses i n  which elevator -down movement i r s  e s s e n t i a l  
$07 r e c o v e r y .  

4. S t i c k  f o r c e s  w i l l  be greater for s t e e p e r  s p i n s .  

Langtey Me.laoriaZ. Aeronautical I j abora to ry  8, 

S a t t o n a l  Advisopy Committee f o r  A e r o n a u t i c s ,  
hang ley  F i e l d ,  Pa. 

RE YE RE H C P S 

1. Sears I  ;Richard I . ,  and Boggasd,  E. Page, Jr.! Charaa- 
t e r i s t i c s  o f  P3,ain and Balanced E l e v a t o r s  o n  a 
Typica l  P u r s u i t  Fuselage a t  A t t i t u d e s  Sixuulatiag 
Normal- Plight  and Spin C o a d i t  i o n s .  XACA A.31.R. 
Ivfarch 1942. 

2. Gough, hi. X., and Beard ,  A. P.: L i m i t a t i o n s  of t he  
P i l o t  in Apply ing  Forces t o  A i r p l a n e  C o n t r o l $ .  
%'..Be 80. 5 5 0 ,  EACA, $936- 



TABLE I .  - DIiJIENSIONAL CHARACTERISTICS OF THE 

T A I L  PLMTBS 08 THE TEST A I R P L A r n S  

A i r p l a n e  

[Bo se balance u n s e a l e d ]  

----I-- 

R o o t -  
mean- 

squa re  
chord 
( f t )  

31---Tc- 

0.2c 
1.28 

E} .97 

1,40 
-n----3 

Ap p r o x irna t 8 
nose balance 

( p e r c e n t  1 

"--lr---R-C--R*--C*-- 

2 l - p e r c e n t  b l w t  nose 
25- pe rcen t  b l u n t  noee 
P l a i n  e l e v a t o r  
5iO-psrce-nt b l u n t  nose 
P l a i n  e l e v a t o r  

------3-----.-..---.1-1111------- 

TABLE: 11.- S P I X  C H ~ R A C T E R I S T I C S  OF THE TEST A I R P Z B H E S  

1 I> i n d i c a t e s  

2.67 226 
' 

2. S 8  244  
2 .68  1 8 9  
2.58 238 

19.59 
15.60 
19.55 
17.82 

t h a t  the inaer vlqg i s  down. 

11.0 
1.0 

16.0 
8.0 
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Figpro 6,- Limitations of tk-a folrcos a p i l o t  e m  e x e r t  (average for two 
p i lo t s  fronl results of  roforenca 2). 
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Figure 7.- Variation of etick 
airplane in a tJpical epin. 

force w i t h  elevator deflection for several nose balancee on the P96A 
Tab neutral; a, 45'; V, 161 feet per aecond; altitude, 12,000 feet. 
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F-9 8.- Variation of stiok form with olevator deflection ehowlng tho effect  of 
2 2 0 - p ~ o n t - o h ~ r d  tab for tho Pa66 airplane in a typical epln. 
olevator; a, 45 ; V, 161 foot por socond; atitude,  12,000 feet. 
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Figure 9.- Variation of stioi foroe with an& of yaw for the PJ6A airplane in a tjpi0.l #pin. 
Plain sealed elevator; tab neutral; a, 45'; V, 161 feet per eeoond; altitude, 12,000 feet. 
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(5) Airplarre 3. Unsealed 25-percent: b2wt-nose balance: tab neutral: 
a, 30'; V ,  248 fe, t  per socoad: a l t i t zdo ,  12,000 fcot. 
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(c) Aimlane C. Cornkination o f  501-pcrcenL blunt-noso bala.lzco and plain  
clavator; tab nmtral: a,, 50°; Y, 198 f o o t  per  second; altffude, 
12,000 foot. 

Figure 10.- Contimod. 
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f w O  pos socond; alti%ud3, 10,000 f a c t .  

F P g w o  10.- ConcZudctd. 
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